Abstract
Introduction 31
Chelidonium majus L. is a plant which grows in the 
63
Miguel Island, Azores (Pavão and Pinto, 1995 ing a quaternary nitrogen atom with a methyl group, 147 strongly inhibited succinate-dependent respiration 148 and, to a lesser extent, malate-glutamate respira-149 tion, while chelidonine, an uncharged phenanthridine 150 derivative, had virtually no effect (Fig. 2) . Protopine 151 and allocryptopine, both uncharged and with a C=O 152 group, also had no apparent effect (Fig. 3) . Berberine 153 and coptisine, both with an unsubstituted quaternary 154 nitrogen atom, had a marked inhibitory effect on 155 malate-glutamate respiration and a smaller, although 156 significant, effect on succinate respiration (Fig. 4) . (Fig. 5) . 165 In submitochondrial particles, chelerythrine and 166 sanguinarine inhibited succinate dehydrogenase ac-167 tivity to a greater extent than NADH dehydrogenase 168 (Fig. 6 ). This is a type of pattern similar to the one 169 found on oxygen uptake (Fig. 2) . Therefore, the ef-170 TOXLET 5486 1-11 activity (Fig. 6 ). Protopine and allocryptopine had a 175 very strong inhibitory effect on NADH dehydroge-176 nase activity and did not affect succinate dehydroge-177 nase (Fig. 7) . Berberine and coptisine did not inhibit 178 NADH dehydrogenase so strongly as would be ex-179 pected by their effect on oxygen uptake, and had no 180 effect on succinate dehydrogenase (Fig. 8) . Phenan-181 threne, although it did not affect oxygen uptake to a 182 great extent, had a marked inhibitory effect on NADH 183 dehydrogenase in submitochondrial particles but not 184 on succinate dehydrogenase (Fig. 9) . 
Enzyme activities in submitochondrial particles

Discussion
186
The alkaloids with a charge due to a quaternary ni-187 trogen atom presented a high inhibitory activity on 188 oxygen uptake (Figs. 2 and 4 
193
The alkaloids which contain a methyl group linked 194 to the quaternary nitrogen atom seemed to have a 195 more significant effect on succinate-dependent pro-196 cesses (Figs. 2 and 6 ). Berberine and coptisine had 197 practically no effect on succinate dehydrogenase 198 TOXLET 5486 1-11 in beef heart submitochondrial particles. The authors 205 found that berberine had a strong inhibitory effect on 206 NADH oxidase and a much lower effect on succinate 207 dehydrogenase activity.
208
In the present work, the effects of the group i and ii 209 alkaloids tested on NADH dehydrogenase were very TOXLET 5486 1-11 may be explained by a preferential transport and ac-234 cumulation of the cations as opposed to the uncharged 235 isoquinoline molecules. The high membrane poten-236 tial in mitochondria may result in a selective attrac-237 tion of lipophilic cations, leading to their accumula-238 tion on the matrix side (Ramsay and Singer, 1986 ; 239 Ramsay et al., 1987; Murphy, 1997) . The concentra-240 tion of positively charged alkaloids in intact mitochon-241 dria may therefore be much higher than the concen-242 tration of the other substances tested in the present 243 work.
244
The presence of a quaternary atom is not enough 245 to confer inhibitory activity to molecules, since am-246 monium acetate, tetramethylammonium iodide and 247 tetrapropylammonium iodide had no effect on en-248 zyme activity (results not shown). Phenanthrene, with 249 a full aromatic structure and no substituents, caused 250 a decrease on NADH dehydrogenase activity (Fig. 9) . 251 NADH dehydrogenase inhibition may be associated 252 with the presence of at least two adjacent aromatic 253 rings, which are present in berberine, coptisine, chel-254 erythrine and sanguinarine structures (Figs. 6 and 8) . 255 Inhibition by protopine and allocryptopine is likely 256 due to the carbonyl group, which may react with 257 catalytically important SH groups in the enzyme 258 molecule or perhaps with the iron-sulfur clusters of 259 complex I.
260
The presence of four consecutive aromatic groups 261 and a positive charge, which exist in chelerythrine and 262 sanguinarine, may be a structure associated with the 263 inhibition of succinate dehydrogenase. The positive 264 charge is probably necessary, since phenanthrene, with 265 the same aromatic rings but with no charge, did not 266 inhibit this enzyme. Many observed biological effects 267 of these two alkaloids involve the formation of a labile 268 covalent bond between SH groups of cell components 269 and the electrophilic C 6 carbon (Sedo et al., 2002) . The 270 imminium bond in sanguinarine and chelerythrine is 271 susceptible to a nucleophilic attack and consequently 272 plays a key role in the inhibition of SH proteins. The 273 fact that hepatocytes incubated with these two alka-274 loids suffered a dose-dependent GSH depletion cor-275 roborates the idea that they bind to this SH peptide 276 (Ulrichová et al., 2001 ).
277
The presence of methoxy groups also contributes 278 to the difference in the inhibition strength of malate-279 glutamate-dependent oxygen uptake at low alkaloid 280 concentrations between the positively charged alka-281 TOXLET 5486 1-11 loids which contain methoxy groups and those where active of all the alkaloids tested, and therefore it should 291 have the highest toxicity.
292
We suggest that the biological effects of the alka- 
